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Abstract 
In order to study the ignition capability of welding slag to polystyrene extruded board of B2 grade, the ignition process was simulated by 
changing the splash direction of welding slag, the initial distance between the extruded board surface and triangular iron, as well as the 
shape of extruded board. The results show that the ignition capability of horizontal and vertical welding slag at the distance of less than 6 
cm are similar, while at the distance of 6 cm, the ignition capability of vertical welding slag is higher than that of horizontal welding slag. 
The shape of the extruded board (blocks or chippings) has little influence on the ignition capability of vertical welding slag within the 
range of 6 cm. It is believed that the conclusions of this study can provide some references for fire investigation related to the ignition 
capability of welding slag to polystyrene extruded board. 
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Nomenclature 
n the number of spot welding till the sample was ignited 
tf the time of combustion duration(s) 
Subscripts 
f  flame 
1.  Introduction 
Extruded polystyrene board (XPS) is one of the most common organic building exterior insulation materials with the 
burning point at about 355 ć [1]. It is widely used in the structure of wall and floor because of its low water absorption, 
well insulation, moisture resistance, pressure resistance, etc. According to the fire resistance class, XPS can be divided into 
ordinary grade (without fire retardant agent), B2 grade (with flame retardant agent, flame retardant performance is ordinary) 
and B1 grade (with flame retardant agent, flame retardant performance is the best). Nowadays in China, B2 grade extruded 
board is the most widely used due to its high performance-price ratio. However, it is combustible, and may produce melt 
droplets when burning, which is also likely to ignite other flammable materials and cause a fire.  
    According to the statistics, within 2007 and 2008, there are more than ten thousand fires caused by exterior insulation          
materials throughout our country [2]. Among these fires, about 60% is caused by electric welding, the electrical leakage and 
other reasons accounted for 30%, and smoking ignition accounted for 10%. On October 9, 2008, Harbin Jinwei 360 degrees 
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Gemini building fire. The cause of the fire is that the welding slag ignited the ceiling of the polyurethane insulation 
materials. On April 19, 2009, Nanjing Central International Square fire, the cause of the fire for welding slag falled and  
ignited the PVC insulation board below. On November 15, 2010, Shanghai Jiaozhou teachersÿ apartment fire, the cause of 
the fire for welding slag ignited flammable materials on the scaffold, including insulation material spraying polyurethane 
rigid foam, nylon netting, bamboo pedal, etc. These fires have caused an immeasurable loss to people's production and life. 
Therefore, it is important and necessary to research the fire safety of exterior insulation materials.  
    Liu et al. [3] studied the ignition capability of electric welding melt bead to common solid combustible and their results 
showed  that the number of melt beads decreased and the size increased with increasing applied voltageˈand the critical 
voltage of  polyurethane foam ignited by the electric welding melt bead are 40V. Li [4] reported that the welding slag could 
ignite polyurethane insulation board, and the welding time has great impact on the ignition process. Jin [5] studied the 
combustion performance of extruded polystyrene foam plastic based on the data of heat release rate. Seldom study has 
focused on the ignition capability of welding slag to polystyrene extruded board. In order to study the ignition capability of 
welding slag systematically, the most wildly used B2 Grade Polystyrene Extruded Board was selected as the specimen, and 
the factors of the splash direction of welding slag, the initial distance between the Extruded Board surface and triangular 
iron, as well as the shape of extruded board were considered in this study by simulating the ignition process. 
2. Experiment 
2.1.  Materials 
Extruded board was bought from building materials market, Lang Fang. Welding electrode was bought from Tianjin Jin 
Qiao welding materials group co., LTD. 
2.2.  Equipment 
    Saw; Scale; Fire trace physical evidence comprehensive experimental platform; Digital SLR camera;  stopwatch. 
2.3. Experimental 
The samples were prepared by sawing the extruded board into blocks with dimensions of 10 cm h 10 cmh 7 cm. The 
triangular iron was placed on the experimental platform horizontally. The specimen was put on the experimental platform 
and its embossed surface was faced to the triangular iron.  In order to make the melting slag fall to the sample surface as far 
as possible, a metal frame was added on the periphery of the sample and the triangular iron. The experimental apparatus is 
shown in Fig. 1.(a). 220V AC voltage was used for welding operation, which will generate the horizontal welding slag. The 
initial horizontal distance between the sample surface and the vertical elevation of the triangular iron was kept as 1, 3 and 6 
cm respectively. 
 
(a)      (b)   
Fig. 1.  The experiment device of extruded board ignited by (a) horizontal welding slag and (b) vertical welding slag 
 
Next, the position of both the triangular iron and the embossed surface of the sample was changed to be upright to 
generate vertical welding slag, as shown in Fig. 1.(b). 220V AC voltage was chosen for welding operation, the initial 
vertical distance between the sample top surface and the position of the triangular iron for welding was kept as 1, 3 and 6 
cm respectively, as well. 
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    Considering that there may also exist a lot of chipping piles of extruded board at the construction site, the extruded board 
was processed into chippings as shown in Fig. 2.(a), which were piled up into 7 cm thick. The experimental method was the 
same as the second method and the experimental apparatus is shown in Fig. 2.(b).  
 
(a)      (b)  
Fig. 2.  (a) The chipped Polystyrene extruded board used in this study  (b) The experiment device of extruded board chippings ignited by vertical welding 
slag 
 
    The number of spot welding, the duration of flame and the phenomenon of combustion were recorded during the 
measurement. Each experiment would be repeated three times. 
3.  Results and Discussion 
3.1.  The experiment results of extruded board ignited by horizontal welding slag 
   The initial horizontal distance between the sample surface and the vertical elevation of the triangular iron was kept as 1, 3 
and 6 cm respectively. Experimental phenomena were shown in Table 1. 
Table 1.  Experimental phenomena of horizontal welding 
The initial 
horizontal 
distance (cm) 
 Number of  
repetition 
n Tf (s) Experimental phenomena 
1 
1 13 39.3 
All of the extruded board were ignited. 2 14 52.1 
3 15 22.2 
3 
1 17 7.3 
All of the extruded board were ignited. 2 17 21 
3 13 75.7 
6 
1 120 0 All of the extruded board were not ignited, while the 
sample shrinked back due to the heated. Melt droplets 
were not generated during the electric welding. 
2 120 0 
3 120 0 
 
    According to Table 1, the extruded board can be ignited by welding slag at both 1 cm and 3 cm of the initial horizontal 
distance. The data of parameter n is relatively close, which indicates that the ignition capability of these two cases are 
similar. Both of them can ignite samples in a relatively short time, and the burning of the melt droplets can last for a little 
while. However, the extruded board cannot be ignited by welding slag at 6 cm of the initial horizontal distance even though 
the spot welding was carried out for 120 times. Therefore, the ignition capability of at 6 cm is weaker than that at 1 cm and 
3 cm obviously. 
3.2.  The experiment results of extruded board ignited by vertical welding slag 
The triangular iron was set up and fixed on the vertical stand. The initial vertical distance between the sample top 
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surface and the position of the triangular iron for welding was kept as 1, 3 and 6 cm respectively, as well. Experimental 
phenomena were shown in Table 2. 
Table 2.  Experimental phenomena of vertical welding 
The initial 
vertical 
distance (cm) 
 Number of  
repetition 
n Tf (s) Experimental phenomena 
1 
1 10 128.4 
All of the extruded board were ignited. 2 11 66.5 
3 10 201.4 
3 
1 14 18.2 
All of the extruded board were ignited. 2 14 15.4 
3 13 45.6 
6 
1 36 14 
All of the extruded board were ignited. 2 25 17.5 
3 24 84.2 
 
    According to Table 2, the extruded board can be ignited by welding slag at all distance. The parameter n increases with 
the increase of distance, which indicates that the ignition capability of vertical welding slag weakens with the increase of 
distance. All of them can ignite samples in a relatively short time, and the burning of the melt droplets can last for a little 
while.  
3.3.  The experiment results of extruded board chippings ignited by vertical welding slag 
   The extruded board chippings were piled up into a mental case with dimensions of 7 cm h 7 cm h 7 cm. The case was 
closed to the triangular iron. The initial vertical distance between the chippings surface and the position of the triangular 
iron for welding was kept as 1, 3 and 6 cm respectively, as well. Experimental phenomena were shown in Table 3. 
Table 3.  Experimental phenomena of vertical welding (for chippings) 
The initial 
vertical 
distance (cm) 
 Number of  
repetition 
n Tf (s) Experimental phenomena 
1 
1 11 12.0 
All of the extruded board were ignited. 2 6 11.5 
3 8 19.5 
3 
1 6 10.4 
All of the extruded board were ignited. 2 13 9.4 
3 14 7.0 
6 
1 11 14.8 
All of the extruded board were ignited. 2 11 7.0 
3 24 7.8 
 
    According to Table 3, the extruded board chippings can be ignited by welding slag at all distance. All data of parameter n 
is relatively close, which indicates that the ignition capability of these three cases within the range of 6 cm is similar.  
3.4. Comparison 
    By comparing Table 1 and Table 2, it is shown that the ignition capability of horizontal and vertical welding slag at the 
distance of less than 6 cm are similar, while at the distance of 6 cm, the ignition capability of the vertical welding slag is 
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higher than that of the horizontal welding slag. The reason may be that the high temperature vertical welding slag can fall 
into the samples at a certain speed of the vertical downward under the action of gravity, which would be better for heat 
transferring so that it can ignite samples quickly. However, the horizontal velocity of horizontal welding slag is not fast 
enough to go into samples and ignite them.  
    By comparing Table 2 and Table 3, it is shown that the shape of the extruded board (blocks or chippings) has little 
influence on the ignition capability of vertical welding slag within the range of 6 cm. What is funny, the combustion 
duration of the blocks is relatively longer than the chippings. The reason may be that there is a lot of air in the loose 
chippings, which has a big specific heat and will absorb a lot of heat, thus reducing the capability of sustained combustion. 
    What should be paid attention to is that the number of spot welding, n, cannot be used to define ignition capability of 
welding slag accurately, because the randomness that welding slag fall into samples and ignite them has a lot to do with the 
external conditions of every time when welding. Whereas, with the support of repeated experiments, the data still have 
important reference value, and can be used to analyze the strength of the ignition capability. Besides, because the time of 
combustion duration, tf, has a lot to do with the ignition place, the state of melt dripping, as well as the shape of the extruded 
board, it cannot be used to analyze the strength of the ignition capability, either, while it can be used to analyze the strength 
of the flame propagation ability. 
4.  Conclusions 
This study simulated the ignition process of welding slag to polystyrene extruded board of B2 grade by changing the 
splash direction of welding slag, the initial distance between the extruded board surface and triangular iron, as well as the 
shape of extruded board.  
    The results show that the ignition capability of horizontal and vertical welding slag at the distance of less than 6 cm is 
similar, while at the distance of 6 cm, the ignition capability of the vertical welding slag is higher than that of the horizontal 
welding slag. Besides, the shape of the extruded board (blocks or chippings) has little influence on the ignition capability of 
vertical welding slag at the distance of less than or equal to 6 cm. The combustion duration of the blocks is relatively longer 
than the chippings.  
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